
�������� ��	
�����

Corneal cell friction: Survival, lubricity, tear films, and mucin production over
extended duration in vitro studies

Angela A. Pitenis, Juan Manuel Urueña, Tristan T. Hormel, Tapomoy
Bhattacharjee, Sean R. Niemi, Samantha L. Marshall, Samuel M. Hart, Kyle
D. Schulze, Thomas E. Angelini, W. Gregory Sawyer

PII: S2352-5738(16)30078-6
DOI: doi:10.1016/j.biotri.2017.04.003
Reference: BIOTRI 52

To appear in: Biotribology

Received date: 15 November 2016
Revised date: 17 April 2017
Accepted date: 18 April 2017

Please cite this article as: Pitenis, Angela A., Urueña, Juan Manuel, Hormel, Tristan
T., Bhattacharjee, Tapomoy, Niemi, Sean R., Marshall, Samantha L., Hart, Samuel M.,
Schulze, Kyle D., Angelini, Thomas E., Sawyer, W. Gregory, Corneal cell friction: Sur-
vival, lubricity, tear films, and mucin production over extended duration in vitro studies,
Biotribology (2017), doi:10.1016/j.biotri.2017.04.003

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.biotri.2017.04.003
http://dx.doi.org/10.1016/j.biotri.2017.04.003


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Corneal Cell Friction: Survival, Lubricity, Tear Films, and Mucin Production over Extended 

Duration In Vitro Studies 

Angela A. Pitenis, Juan Manuel Urueña, Tristan T. Hormel, Tapomoy Bhattacharjee, Sean R. 

Niemi, Samantha L. Marshall, Samuel M. Hart, Kyle D. Schulze, Thomas E. Angelini, W. 

Gregory Sawyer 

 

Department of Mechanical and Aerospace Engineering 

University of Florida 

Gainesville, FL  32611 

 
Abstract 

The tear film is a thin, aqueous, mucin-rich layer on the ocular surface that provides hydration 

and lubrication for healthy vision. The ability of the tear film to provide a highly lubricious 

interface during ocular movement is largely attributed to its entangled network of mucins 

secreted from the corneal and conjunctival epithelia. However, the extent to which these mucin 

networks can provide lubricity and protect the epithelia over extended durations of contact lens 

interactions is unknown. In vitro tribological experiments were performed against a monolayer 

of mucin-producing human corneal epithelial cells (hTCEpi) for 10,000 reciprocating cycles at 

physiologically-relevant contact pressures and deliberately low and tribologically-challenging 

sliding speeds. The use of a polyacrylamide hydrogel probe with a spherically-capped shell 

geometry enabled average normal forces of FN ~200 µN and contact pressures on the order of 1 

kPa, resulting in an average friction coefficient of µ = 0.058 ± 0.008 over 10,000 reciprocating 

cycles. Cell survival after extended duration tribological experimentation was approximately 

99.8%. Mucin was observed to accumulate during the experiment. From these in vitro studies, 

we postulate that mucin production may be a cellular process driven in part by frictional shear 

stress.  
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